To clarify the factors determining the dimensional stability of alginate impressions during immersion in disinfectant and fixing solution, the weight change of impressions in solutions of glutaraldehyde (GA), NaClO, Na2SO4, K2SO4, CaCl2 and ZnSO4 was measured.
In the nonelectrolytic solution, GA, the weight decreased in proportion to concentration, possibly due to the gradient of osmotic pressure between the impression and solution.
In monovalent metallic salt solutions the weight change decreased with increased concentration.
Especially at lower concentrations the rate of weight loss was high.
A chemical action of the solution might also be involved, in addition to the osmotic pressure difference.
The weight loss in divalent metallic salt solutions was greater than in monovalent solutions, implicating crosslinking reactions between the impression and solution.
INTRODUCTION
Alginate hydrocolloid impression material poses problems such as contraction or expansion when immersed in disinfectant or fixing solution. The osmotic pressure1,2) gradient between alginate gel and immersion solution and chemical and electrostatic interactions between alginates and other components have been suggested to be the reasons for this. However, these factors have not yet been quantitatively evaluated.
This study was conducted to clarify these effects based on weight change of impressions for clinical use and volume change of desalted calcium alginate gels in nonelectrolyte, monovalent metallic salt and divalent metallic salt solutions. The osmotic pressure of the solutions and the viscosity of sodium alginate sol in the presence or absence of the other ionic species were measured.
MATERIALS AND METHODS

Materials
The materials used in this study are shown in Table 1 . Powdered alginate impression material, Hi-technicol(R) (HTC) was used for the study. Two disinfectant solutions of glutaraldehyde (GA) and sodium hypochlorite and four fixing solutions of sodium sulfate, potassium sulfate, zinc sulfate and calcium chloride were used to prepare the Change in impression weight in solution The impression material was mixed at the recommended water-to-powder ratio for 45 seconds and introduced into an acrylic cylinder 20mm in diameter and 15mm in depth. The cylinder was covered with an acrylic plate under loading and left for 8 minutes. The material was then taken out, weighed on a direct-reading balance to a measuring accuracy of 0.1mg, and then immersed in 100ml of the test solution for 60 minutes. The solution concentration was adjusted to 1, 2, 3, 4, 5, and 6wt% for GA, Na2SO4, K2SO4, ZnSO4, and CaCl2, and to 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6wt% for NaClO. In addition, 0.5wt% Na2SO4, 0.5wt% K2SO4, and 0.3 and 0.6wt% CaCl2 solutions were also prepared. Generally, buffer is added to GA solution for disinfection, but in this study it was not added in order to examine the effect of GA alone on the weight change of alginate. After removal the specimen was wiped with filter paper to remove adsorbed water on the surface and weighed, and the percentage change in weight was subsequently determined (n=3).
Change in calcium alginate gel volume in solutions A thin film of calcium alginate gel was produced by reacting sodium alginate sol with CaCl2 solution as follows: 1% sodium alginate sol on an aluminum plate was soaked in 20% CaCl2 solution for 2 minutes. The resulting gel was left in this solution for 6 hours so that gelation would proceed sufficiently and then cut into pieces of size 43 
RESULTS
Change in weight of the impression in solutions Fig. 1 shows the weight change of HTC impressions following immersion in solution for 60 minutes. In deionized water (0% concentration), a weight increase of 4.0% was observed. Weight change in any one solution was less than in water and was noted to decrease with the solution concentration. In GA solution, the linear decrease was remarkable, but a ca. 2% weight increase was observed even in the solution contain- Table  2 Relative viscosity of alginate solutions containing various ingredients after immersion was 1.37-2.13 times that before immersion. At higher concentrations of Na2SO4 and K2SO4 solution, there was a subsequent decrease. Table 2 shows relative viscosity of alginate solution. This parameter for 0.02% alginate solution containing no ingredient was 2.99 and less than this value when ingredient was present. Decrease in viscosity with the addition of GA was less than that noted for NaClO, Na2SO4 or K2SO4.
Viscosity of alginate solutions containing the ingredients
DISCUSSION
It is well-known that the dimensional change of an alginate impression in disinfectant or fixing solution is due to the movement of the aqueous substance between the impression and solution. The measurement of weight change of an impression was thus conducted in the present study in order to evaluate this parameter and clarify the underlying mechanism. The driving force for the above movement was considered to be the gradient of osmotic pressure between the impression and solution.
The solutions used in this study are classified into three types. The first, GA, is a nonelectrolyte solution.
Second, the solutions of NaClO, Na2SO4, and K2SO4 are strong electrolytes having monovalent metallic ions. The third type are solutions of divalent metallic salts, ZnSO4 and CaCl2. Whatever the solution type, the osmotic concentration can be used as a common index for estimating osmotic pressure. However, the weight change of alginate impressions against the osmotic concentration of the immersion solution varied with the solution type, as shown in Fig. 3 . This suggested that the osmotic pressure in the impression would vary with the solution type.
In GA solution the degree of swelling was reduced linearly with the osmotic concentration obtained by the freezing point measurement (Fig. 3) , and the volume of calcium alginate gel also was decreased with GA concentration (Fig. 4) . The linear relationship suggested that the swelling in GA solution is due to the osmotic pressure in GA solution itself, which was expressed as a function of molar concentration of GA as shown in Fig. 2 . In turn, the GA solution would have little effect on the osmotic pressure in the impression. In future, the effect of impression components on dimensional instability will need to be examined further.
